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(57) Abstract 

Apparatus for monitoring particulate material in a fluid comprising a passageway (17), through which fluid to be monitored is passed, 
at least a portion (24) of the boundary of the passageway (17) being translucent to enable radiation to pass through that portion (24). A 
camera (40) is arranged to receive such radiation and is constructed to generate electrical signals representative of the images it receives. 
Image analysis means (57) are connected to receive those electrical signals and to provide data from them relating to the particulate material 
contained within the fluid. 
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to receive such radiation and which is constructed to 
generate electrical signals representative of the images 
it receives, and image analysis means connected to 
receive those electrical signals and to provide data from 
5 them relating to the particulate material contained 
within the fluid. 

The camera may be a stills camera triggered to 
operate by the image analysis means. 

Preferably, however, the camera is a video camera, 
0 and the image analysis means comprises a frame grabber 
connected to the video camera to isolate a frame from the 
signals generated by the video camera and an iirfage 
analyser connected to receive signals of successive 
frames from the frame grabber so as to provide data on 
) each successive frame relating to the particulate 
material contained within the fluid. 

Pref §£3bly . tA^^i^ pQjst^L^n . is transparent . 
i.v:!-; .^h^\i}eX0^&\u({^i^!SX^ ■ j-A-Srif desirably!, a. Charged;-; Coupled 

- Device (CCD) camera. - 

V The radiation may be in the visible range of- the 
'•'electromagnetic ! spfectrum. \ ; " ■*■ 

a In one preferred construction of the apparatus, the 

• * * * * 

image analyser "comprises a background memory connected to 
- 'the -frame grabber to store data indicative of the : value 
of background signals of the image seen by the 1 video 
camera, and subtraction means .connected to the background 
memory and to the frame grabber- to subtract t'he stored 
values of the background signals from those- of the 
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Apparatus for 1 and 'method of -mbnitoring - % > ; . 
particulate material in a fluid 

The present invention relates to apparatus for 

5 monitoring particulate material in a fluid, as well as to 

a method of monitoring particulate material in a fluid, 

- • •■ . • 1 ....... i i. .. V ' • " '■ ; ;:r. • 

whether the particulate material comprises a liquid, a 
solid, or a gas . 

One method of doing this, which has already been 
10 proposed, involves. the scattering of light by such 
particles and observing the relative strength of light 
scattered as a function of the angle of scattering. Mie 
theory is then used to calculate particle size 
distribution according to the data collected. 
15 One shortcoming of this method is that the theory 

presumes at least on average that the particles are 
generally spherical so that it cannot distinguish between 
spherical particles and non-spherical particles. 

It is also necessary to provide more than one sensor 
20 viewinq a specified target area at respective different 
angles . ... 

The present invention seeks to obviate one or more 

• • • ■ ■ . t id y "•! : 1 »■ ' . i' r : . I 5 - : ; ■•' ■ . : r 

of the foregoing shortcomings. 

Accordingly, the present invention is directed, to 
25 apparatus for monitoring particulate material in a fluid 
comprising a passageway, through which fluid to be 

monitored is passed, at least a portion of the boundary 

>.;. :. •<■ > ■ • ^ • • ^ - ' •■'^ • ' 

of the passageway being translucent to enable radiation 

to pass through that portion, a camera, which is arranged 
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signals ot,, •.^ 0 ;;S;Li.t>?equent f r^arn^-^ isp;lated by the frame 
grabber. The benefit of such a construction is that 
particles which have adhered to the said portion would be 
disregarded in subsequent image analysis, so that such 
5 adhering particles will' not skew the results. Preferably,- 
the signals here are those representing a grey scale, 
more especially ranging in value from zero to 255, in 
which a zero value can be for the darkest image for a 
given period and 255 the brightest, or vice versa. 
10 In the sense that the signals represent different 

pixels as different respective values of a grey scale, 

they are in this specification referred to as analogue 

'-j'. » ri..c jf.t o j p : c .\x -» . •'. . ."i s h r 
signals, even though each value may be coded in eight 

i : .u-.» - >orl:::. j: aifi.-' 'io 'i./t, .\.n ir,T, ... - ; 

bits of a byte in what would conventionally be referred 

15 to as a digital signal. In the present context, a 

digital signal is one in which each pixel is represented 

J-.i : - «i » \ :.•»!■,;.?- fion bi\?. . . ' - ■ \ : 

by one of only two. values. 

Preferably, the image analyser further comprises 

averaging means to provide the average values of signals 

20 from a plurality of successive frames, and hence to 

. .\ : - . *■ / ' r ' • .j ' . • • r /, !• ■-- 

provide the said background signals. 

• • i r:<M, . ■ 1 4 1 . 

Advantageously, out-of-focus means are provided to 

eliminate images of particles which are out of focus when 

viewed by the camera. This may be achieved by means 

25 which check the rate of change in the value of signals 

received for successive pixels of the image progressing 

from a position away from the particle to a position well 

. --i . ' 1 " . - ; - o y o ' 

within the boundary of the particle image, and 
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.eliminating.- that; particle image, -if, v the -sate of .change of 
the values, pf the ; signals never .exceeds a -predetermined 
threshold value.. .v. 

To eliminate skewing; . from half .^portions of particle 
5 images at the very edge.-, of. the. field: of t view, any 
•particle image which .is closer vthan. { a . predetermined 
r; distance... to .the edge.- pf. the . field.,- . of view may be 
. eliminated by ; edge-of -field. ;eliminati;on means: 

Preferably^, the . image; analyser is; further provided 
10. with an analogue^to-digital .converter j in which any pixel 
having a : : value beyond ; a predetermined, threshold value in 
the analogue . input is . accorded , one of j two values ; in the 
digital output, and any .pi.^ei^ having ■ ; as value! equal to or 
below the said ; threshold uvalue l is- accorded /the other of 
15< . the* ; two values, in the digital output. ; This provides the 
advantage 1 :tha,t, subsequent; analysis of; the data may be 
,.; i effected^ simply -by caunting^q successive , adjacent, pixels 
having the said one value £jri L /@ne. . or more ; .given directions 
/. • across -the field o.f , view*;.- ., In : addition, .for: .example, the 
20, total number of pixels.-, of n the;-, sard one value for a given 
..particle image may be -counted to., give-, ; the, -total $rea of 
.the field, of view occupied; by . ; thev particle,;, or : the total 
number of pixels around -the circumference of, the ,■ particle 
image may be counted to,;proyide a value ..for the . perimeter 
25 of the particle.. 

Preferably, the fluid . is backlit so that the 
■ u silhouettes : of . particles; a : re : viewed by the video camera. 

. r . Preferably,, t the said portion comprises at least one 
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sapphir-e^>wirid6w, ■* to*' reduce the' * likelihood that the said 
portion will'- "- be scratched ' '• and" 1 thus 1 'rendered less 
transparent . 

• The " 'present- ••■ 5 invention extends ' to a method of 
monitbring- particulate* material- in a fluid, in which such 
fluid/ is passed through a ' passageway , at least a portion 
of -.the " boundary of' which 1 is translucent to enable 
radiation 'to' pass through* that * portion , 1 viewing the fluid 
through; ■■ that portion-' by. '-Wearis ' of ' a'< ? camera which is 
•constructed* to- generate ; electrical signals representative 
.■of the images . it -^receive s~; and • analysing those signals %o 
* provide -data relating'^ 'to the : ! particulate 'material 
contained^ within i-th^ fl'uidl. i • ' r - - ' v 1 ' : : '" 

. • The; fluids arl^lys^^'^AiMy-'-'-'-compri'S^^ produced water from 
. an -:oil well, and the • imdge : analysis ''may- then 1 be- s such' as 
■ to: ^distinguish between^ particulate material- in the form 
:■ of 'oil.: ^droplets ■^&nd i --pSa?t l ib"U-la ; te , ;inaterlal- which" 'is 1 solid, 
:*such ^as' ? particies ,% of ' r sand . J "* ■ : : 

•'.'.i t : An -example : "of ^ apparatus for monitoring 'particulate 
material in ---a - fluid •-' in' - accordance with ' the ' present 
-invention/ 1 ^as ' well as "a ' method of - monitoring- particulate 
material : in -a- ' f luid - in- 'accordance with the present 
-invention, will* how be described with reference to the 
accompanying drawings , in' which: 

Figure 1 shows an axial sectional elevational view 

■ of the appalratus; ■ 
Figure 2 . sHow& : 'an • axial sectional'* view from above 
of the apparatus' shown in Figure 1; 
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. , Figure 3 i: ;shows a ' cross-.sect-ionair; elievatiional view 
..... . lht of the : apparatus' sh:own in Figure 1; 

Figure 4 shows ,? ,; ;pn a. - .larger 1 scale, .parts of the 
apparatus, ,;Showp-; in ^Figure 1 ; * • -:. 
5 . , Figure 5 shows a ; bl.oerk, -qixcuit diagram of circuitry 
r . . connected: to ,a. camera of, . the apparatus 

.... shown invFigure • 1 ;■ ■. . * .•- i." 

Figure 6 ■ shows . a -i f Iqw, chart ' r of successive steps 
, ,. . executed by;:, (Computer-, program: loaded in the 

10 . . circuitry j shown iin jFiguire .5; rand 

. Figure , 7, shows possible options for the operation 
of , the.; sai^w.f pregoingi s computer * program . 
; . ■ } The ..apparatus !{ s,h^ p wn cint Figures II and .2 comprises a 
. ihpusing w 10. which| ,1s; ; >subsf anfeiallly. j. 450mm long Mb y 150mm 

1.5 , wide by 150mm) high and ; . .which has, lower., and upper parts 12 
and; 14,. >( Extending « .in a^'^intendedj vertical direction from 
, . .. above . .and t f rom.. b.elpjW; the housing. 10 ; . j are iihetai - tubular 
r , portions . 16 .. defining 1 ^pr,tions 1 r l Qf a.; passageway , 17. through 
j ... which high., pressure x ; .waters;: produced- wfromvt, an -soil well 
2 0, ; passes when, the apparatus- is , , in. use. i('at -pressures' of 
about A 30 Bar,. possibly , up ; -to .about \ 120 ..Ear, and 
temperatures : of up .to afc>out i7i 120,°C) > i > /In^his apparatus, 
pipe connectors 18,. and 20 ar,e v provided ,4t the . distal ends 
of .the tubular portions; 16. : : r, 
25 The passageway 17 between ; the two tubular' portions 

16 extends through a high ; pressure ,-cell 22 in the 
interior of the housing 1.0 At the- centre of this cell 
22,^ there, are, provided respective^ sapphire., windows 24 
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■ and^ 2 6 3 ori r. r )opposite -sides of ■' the passageway. These 
windows are i'heTd" by " respective clamp units 28 and 30 of 
the. cell '22. Immediately adjacent - to one" of the sapphire 
windows 26 ;is.i.'a . Light 'emitting^ diode 32 held in place by 
. an .'LED . mount ing 5 'bracket j 34. A microscope unit 36 is 
arranged to view the interior' -of the passageway through 
the other sapphire-" window 24'- so that the passageway 
interior- is.batlclit by 1 the" diode -32 . The microscope 36 
comprises: :a>-. l^ens »3€ " 'and. a CCD video camera 40 mounted on 
a bracket 41 anld ispa^ed f rom the lens 38 by an aluminium 
M « alloy." tube 42»p. -the camera 40 being directed to view the 
a 'interior .of ;>the ^pars'sag'feway " 17 -Via • the lens 38. r * 
•vu'i* •: l Figu-r,e . 4 :.:ShowB ; i the f -s'<^phire "• windows 2 4 and 2 6 -in 
^•greater detail .v.; iThUfeV thfe-sapphiire winti6ws- -2'-4 ^nd 2 6 are 
. -..held. in place v-rn their clatnj^ 'units' '28' ; £hti ! 30 by dlamps ; 44 
•* and> 4 6, : respectively'.' - ^ - The windbVs' : 24 and ' 2 j 6 u comprise 
sapphire - i.platfesp^whiich! are 1 £>'ara-liel to 5 one another but 
• spaced w apart', - the ispa^'e> -'between them constituting ,; part of 
; .the:; passageway -17'. The 'Internal sides of the sapphire 
.windows 24 and 2 r 6 ate pir-ovided with wash fluid c " inlet's* 48 
>:and 50 which open on ;to the respective windows' *24' and 26 
via fanned jets"- ! 52 ; and 1 54, respectively. These can be 
.. connected to } a reservoir of cleaning solution "(riot shown) 
or to a process line which carries the fluid to be 
monitored, and serve r tb dislodge any build-up of dirt on 
the windows 24 'arid 26. ' ; ! ' 

The circuitry used- in Conjunction with the camera 40 
is shown ■ in Figure 51 v It comprises a frame grabber 56 
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( . 4. provided .as , .a, : ■ ,f rame .grabber ; icardu- located ^' within a 

computer 5,7.. , ,The ■. -frame ><•; grabber -.56 is connected to 
, repeive video --.signals i from the camera 40 and to isolate 
successive frames from rt'hdseic: signal's c* The' circuitry 
5. further comprises particle- ■ recog«nit ion and /: validation 
mJ means 58 ■( including a ...background memory "^59) connected to 
receive signals , from . , the- .frame grabber and 'to eliminate 
. , from ,the f piptjure; images ; of -particles which 1 are to be 

t selectively excluded v* -f rdmv the: .data; an analogue-to- 

10 digital converter 60 ..connected* to receive" signals " from 
the. recognition' and. validation means" - 58, a ? particle 
.. analyser. 62 •» connected ■ to of eceive? : ■'■'sighals ; ' vi 'f rom the 

t . , . gonv ; erter.,; 60. and a: data:, recorder ^64 ^connected -to receive 
■ signals. , f rom the .pa.rtic.l;e anal-ysern 62 i The recorded data 
15 . .. can be viewedt.on a screen , ;or :-a ; printer as * a data output 
. . . , 66 p,f , the circuitry and:. a r , user, interface • 68 is ' connected 
v ■ r. £p ; ,th,e ; , frame .-grabber:..; 56; rjitehe -\ particle • recognition and 
. validation means. r 5.8 >, t:he piartdcle. v ->ana\Lyser- recorder 62, 

. the tdata recorder. 64 and the data: output -66 to- -enable a 

. 20 user to customise and t make . selections; . for • each of : the 
. , - . component?, of the circuitry. <• ;.. = 

It wij_l,^. be i appreciated that; the- , components of the 
. circuitry other than \ the frame grabber- i 56 . -and the data 
output 66 are preferably parts-'; of a, ■■ duly - programmed 
25 microprocessor. 
. . ( . The .manner in which; the apparatus operates will now 

be. described; in. jdejiail... ; «■ rlnj. particular, the program 
executed by : the par£icle : recognition' and validation means 
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• ■ . 58> . -theJ analogue-to-d-±'gitar ' converter 60; "the particle 

■ analyser 62 i ah& ' .: the v da ; t a -recorder 64 is shown in 
Figure 6 . From the ini t iat ion ! -70 of 1 'this 'program, the 
background isr- s.tored\in the background memory :! 59 and the 
5 background subtracted- L from.- -a subsequent picture received 
from the. frame grabber ..56, *-at step 72 in Figure 1 6. From 
this ■ st- ep > > pixels having* lvalues equal to or below a given 
threshold :v3liie ;are rejected i at st'ep 74> being' given the 
lower. ^of the- preset values/ and: those-: Which are retained 
10 . are given, the higher .of ithe two. values. Particles within 
the field;; of, view 1 ,.iarie..v< identified at -step : 76. -Its 
position .'.within/ the cfield^ of -view is identified ariti a 
L -chepk i : is; Mmade- >as :/to... -whether: it ? is- within the 1 boundaries 
. -.-pfi... the,, v screen . f rames selected, at : i step - -78 1 ■ If -the 
15, ..particle, is <out:side the ... screen frame Y> it is rejected^ at 
■ : , ; . step -80..- If, it- , is-; -within;- the ' frame, *a : chec l k : is made 
. . . • whether, the edge \ strength: checks has been activated by the 

• . - r ;user at .,step .8&/ /ilf > *it is; a check- is made-" as 1 tb whether 
. . .i -tthe -edge. • '.strength vis ; -^ceptable at step '88, using 
20.* analogue' signals- • obtained" at step 72. : If it is' not, then 

a check is made as to whether filters" have' been' 'act ivated 
by- ; *the;-'User>'t.:at- -step > 9-2 . " If the' edge strength routine 
has : not been activated by* the user at step 86, then the 
edge strength test is, bypassed. : If the filters have been 
activated by the user at step 92, then a check is made as 
to whether the filter 'criteria are met at step 94. This 
may involve counting the- 'number' 1 of pixels * lying on a 
given * line across- the particle image"/ <3r ' "the number 
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cp.nstity.ting , the ; whole area., of ,the particle image, or the 
, number- -across . the., outside - of the . particle- image to give 
its perimeter, and ascertaining whether the count lies 
: above and/or below, a pres,et threshold.^; Other filters may 
5 be made to ascertain whet-he r one or more pf the following 
parameters meet preselected, criteria centre of gravity, 
.average . feret . .diameter , i .aspect, tatio , (minimum to maximum 
feret diameter, ra.tip) s^ape , factor , « specific length 
and/or width/ estimated : volume,, ; ,area uf raction- (the area 
.,10 of the. part.icle-i image a-si a: 5 fraction of ..the area of the 
,. field of ,-viewi) ', Martin' s ; . ; ;Radii radii from-, th^e centre of 
gravity) .average Martinis.; -Radius, ... fractal x number (by 
comparing • ; perimeters. ; at ^.suqces^ive decreasing! sizes of 
, , , pixel -steps.) , -.concentration/ ; cury-a.ture . I£ >-th.e . filter 
: 15 criteria ar^ .not^met at :.;step( ; 9<4 , a further - pheck is -made 
as f to ; whether -this -requires; ,the particle to*, be; , -.excluded 
, , ; .at:.., step 96,.;, If it^dpes, , ,the- :: partiple ,is ( ^re je : c^d -at step 
f \, r ,9,8. , .If it does npt; ^thericth%><iatabase 0 i%,updated;;.at step 
100, ,by incrementing >the : .relevant , population :: .count , as 
f 20 well r as ^adding to ; .the. i .databas.e : .all : , the .> measured 
parameters ; . for that ■ particle. . - This. ■ step 100 ...is also 
reached from : the check p : n ; whether , t the« particle- .meets the 
filter criteria at step 94 af the result was, affirmative, 
and in addition whether- the population meeting such 
25 criteria is to be included Is- checked at .step .102. -If 
that population i,s not to.bg included,, . then the particle 
.is .again. t rejected at .step, 9,8 . .Finally, a check is- made at 
■ step 1,04 as, { to whether the , database is complete. If it 
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is": '■ 'riot > --—-tfreh 5 the '"routine • b'ediririing 5 1 at step 72 is 
repeated; r otherwise/ 1 the ' procedure •' is v stopped at step 
106. f • ■ " '■■■'<- 1 - >• 

Selection's* "»* White K" ifray" b'e 1 m ! ade ; ; by the user 88 are 
. 5 -shown in' 'Figure- 7 f „ 1 : These selections are '• made by a 
'proactive selection ' routine 1 displayed on the computer 
screen ''with > the aid ' of '-'the" 1 keyboard and/or'- mouse. At 
step 110- in. this- routine, a 'selsction" is -made "as to which 
database - compiling mode is desired . Whether it is by the 
v. 10 total -number --of ' particles in !! the database (selection 
; i.- . i:l-r2) y" -'by''*- time ^ihterva : l ;: '(selection 114) : or by continuous 
';••*'' 5 --trend analysis -select ibri-- il 6) These -seleetiofis " require 
jo ' i.ou ifurt'her -:iWpu%- f-roitv- tM^ifee^ being' Respectively - the total 
numbed ■ ( for ^exairhple - 30v000^ v of ! particles 5 required 'for the 
>i5 ; - 'databai-se - (input li8) : > ' the t ime ^ ! «f or- : doliecting -the 
b ,r . \ --databa i s6 arid < tfiie - ;i time- for-' 'resting - '-(input 120) (for 
-:.:...>■ ' example twe-rity 1 hiihutfes f > ,i{ br- twenty' minuted 6f each hour) 
' - ! •and 1 ! the ,J databa&e r si^z^'^reqfS'ifed and collection frequency 
- (f or example )( 'i once-' ,; tevfery r -90 1 minutes ) ; (input' '122). 
20 ' ■ Regardless of which' Selections were made initially, the 
parameters r to 'be recorded,- for • example, ■•size,' 'area or 
sftape* fafctor ' '-are entered at- step 124, r and" - filter 
, s i parameters, • • such as the' Upper and lower limits, the 
' reduction criteria and the sub-populations desired are 
25 selected at stesp 126. ' For selections 112 and 114 , a 
further-' selection is made regarding the manner in which 
the data is to be ■ represented; whether 1 'by tables, 
histograms or integral curves at step 1*28.^' For an 
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. initial* . selection 1-1 6 n a fu.rt.her .selection, of the method 
of trend, analysis, and. pr ; e-set .ala^rm, , limits is , made at 
step 130. ■ Regardles 7 s ,of the, initial selection which was 
made, an option may .be -. made at -:Step r 132,-to print out data 
5., automatically o.f the ■ required parameters or populations 
. ., if that is ; relevant. At s,tep 134, all required -measuring 
parameters, such, as a psma.ll . part icle . ; filter made at step 
82 in Figure 6, the thr.eshQldi.yalue. for step. -7,4, and the 
edge strength i. acceptafi.c<e, parameter , for., istep 88, are 
10 entered, ,and lastly, the ]_step ■ " f or. -commencement of- the 
monitoring pracess is inijtiate.d at step .l.i36. i 

, ..It -will be : ;appreciatefd,setfeat the ..function .of the high 
- . .pressure > cell * is to allowo.the- .camera : .4>0 to,. : se^.rinto the 
. , ...... fluid to be jmonitored^ that.;. is, ^l.soi commonly referred to 

15 , as.,. .the procea? , stream, without, changing the conditions 
it - within . , the process , stre.^rrj cfsuch ■ as ,its ,,'P.re.ssure and 
temperature)., i>: ^^- { ^ i. . n-u,, n ^ U ■: ■ 

: r . . The CCD camera . 40 fmay be-s -one , which, is .similar to the 
type , used, in security ^jaryeillance - systems . The;, lens 38 
.20 : may be selectable from : ^ny one . .of a .choice of • magnifying 
objective lenses, .so it- n .is able , to- ; see. , very small 
particles within, the process .stream.-.., Fox^e.xample, the 
set of lenses . available . may be . a$ : is- . - common in 
microscopy, with magnifications .of x. 4, x 7 and x 10. As 
25 . 3 result, the apparatus may. be. used to,, measure particles 
ranging in size, f rom , one inicpon ,(1 x. 10~*m) to a few 
. . millimetres . iov .. -w--,. ^; ■ %.| - >i. -.-^ 

)f ..Hith ,,the illustfated^.^ppar.atus, it is possible to 
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■ 'Carry o'u4- discrete 4 : sampling and perhaps use this data to 
monitor- a patftf^cula'f bat'th : ■"■6'f material or the effect of 
changing' a particular-' proces^ : conditidh. 'By making 
periodic measurement's ife-^is • ^os^'ible to generate quality 
control information : related to production periods. By 
-trend* (ior continuous ) measurement both the actual state 
of a prdcess -can be" ■ mbhitored -and process upsets can be 
forecast , saving « tim£ k 'a s hd rfloriey . " . * 

*. 'The illustrated 1 apparatus 'does hot involve any 
assumption ^ that- • it- wTir^bfe presented with a homogenous 
sample -and^: it is -possible to divide the" 'particulates 
i within- a ; process stf eafti' t • to 'sub-populations, that 'may 
r: have particular relevance^ t'd the production process . Up 
*.to -eight ''slab-populations-' can ' be measured 'simul't-aneoustLy , 
. rso' that it Would be : possible, for example, to "measure and 
monitor * the concentration "'-off both s'and ' particles ' and oil 
droplets in the produced water of an oil -weTl :: >> : ' Ki '■ 
\i.(^ »' ; pn :-regard l v to -the 4 las^t 1 mentioned r application, when 
• oil " is . pumped -out "Of : - the ' ground, 1 it ' is* a mixture of oil, 
"water-; - * soTids ■• and' gases, it* - is ' relatively 

straightforward' t : o remove the gases and the 5 greater 
-'proportion of !, the oil' from this mixture. What remains is 
; mostly : water with oil drbjpTets' and solids. 

There are a number of different methods available to 
' an oil producer to further extract enough of the oil from 
this mixture* to' : make either re-injection or dumping 
viable. Some of these methods involve usirig' l ch£micals to 
help the oil • cbalescev ■ these are 'expensive and 
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hazardous. x . t Some methods, use.; - mechanical • separation 
techniques; ... these, are subject to. efficiency variations 
with, for . example pump speeds,,,; and . can be . damaged by high 
concentrations of .solids.,.,.-. There] are; other techniques, 
5 nearly all. of which benefits from monitoring oil droplet 
size, solids size : and concentrations of both. 

In most of these examples. r it is. ; essential to .monitor 
oil droplet size and concentration, for example?, in order 
. to use - the .absolute minimum; : qqantity of . rQhemicals, or to 
10 ensure hydrocyclones and. —centrifuges * are; operating at 
optimum, .speed. , Often it . isj important to monitor ,:the size 
and. . .concentration,, of ,.; solids t (.sarins) at . the same time, to 
preyjept blocking ,and/o^ rw 0 

By using the filters within. as described herein, the 
15 . illustrated apparatus , can simply .. differentiate between 
_ oil droplets and .jS.q lids*, within, a single sample.. Using 
; t.he r .trend , analysis ; roiitifte. .also, .allows both monitoring of 
currjent -conditions within the ..process :: and preventative 
measures to, be taken if ; prpcess^ upset is, , -predicted . 
20 Trend, .analysis also allows ; qperjatprs to monitor what 
effect a change in process, conditions ;has. . „ ; .;. 

Another possible.. us.e, of the illustrated apparatus is 
in relation to high quality paper stocks, (for example for 
bank, notes) .. % . ..These may be (i made § from., cotton • fibres, and 
25 may contain other materials such . as fillers and,, pigments. 

The length of the fibres used in the stock determine 
. the ts strength and .quality o,L the paper. . The amount of 
filler . and pigment . affect :< the cost .of production and 
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■■• ■■ • paper 'coVoiir'; ' There is -a 'further : factor/ /fibrillation 
z ' ' (how many side' b'ranc'hes : a' fibre" has' and' how long these 
are), that af f ect ! s f,; the paper . ! : Fibres 1 With' a great degree 
of * fibrillation-' become easily-' knotted a'nd lumpy,' whereas 
5 -fibres with a small d : egfee 'of fibrillation may not form a 
paper strong enough to use. Both the type of fibre used 
and the way 'the' fibre' is' 'treated 1 affect the degree of 
f ibril-latlon ■ - : ' :) - - : 

. : - By ' using- appropriate : 'f liter's - Within the illustrated 
10 apparatus/- the 'latter- - can i: simply' 'differentiate between 
■ fibre-s 1 and f illers> ,; G'r- between liquid ' 6r ' solid' ' particles 
o.,- ,^;:within ^a -single sampl^ . ;: ' ; Flixthermare/ ,: by 'use -of fractal 
analysis J the r degree' ( of - ; f itoriilatiori >: o r f the- f ibre's 'can t be 
■ determined. - : 11 " ; ' ' J ?: '' " '■■ { ; ,u : '" ! v 

M.lSt--*"'. 'For example, • if- 5 a liquid streak is to ' be 1 'analysed 
that' carries ari emulsion' and- some' ! 'solid- : particles, it 
.v. -wouid '-'be : po'ssible ; to< 'determine ' the 1 'size "distribution for 
~each> ; 6f these • populations 'inldividuaily'. r: to £f'fkcfc- : this, 
'- f a : 1 "f ilter of lv shape r 'f actor * is selected ! and whether a 
'•20- par-tide is liquid : emalsioh L or solid can ' b'e 5 determined' by 
its shape factor. 1 •' 1 Liquid ' emulsions 'are 1 spherical and 
: - * l have, a shape - factor approaching one, ' therefore a filter 
•°- of : - shape factor 0.85 can be ' selected so that all 
particles \J/hich exceed' 0.85 are recorded to the liquid 
25 database and particles below 0.85 are recorded to the 
solid database. 

Users may filter 1 the databases as above using the 
measured parameters. 'The software allows 'for the use of 
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, t , two filters. . combine^. . For example,. i ; f s filter .one AND 
filter two , ar.e passed,., then .. : t;he ; : count -is : passed to 
population >x x" • in the ,dat.abasje. -. f If. . NEITHER • filter one 
NOR filter . two are passed.,..,.: then , the, : count k is passed to 
5 population . w y ff - . ..If.; filter- one. but not filter two is 
passed, then the .count .is passed -to population "z" . Each 
outcome is stored to a database or discarded from the 
... analysis according to J usec / ,choi,ce. < 

Regardless of - the, ; ., .application , t < fior x - which the 
10 illustrated apparatus i s i b e ; i-n g-.. < u s.e.d , ... , t h e , trend analysis 

,. routine , also allows both , monitoring . of ; , current conditions 

... . / .... 

4 . within the- process and ^p^ia^enitatiy^er^measurasi to be taken 
if a process upset is predicted^ ,'.T?r^nd : analysis also 
f allows. - operators to mopitpr-t;-;wl^at j ■» e.fif eot \j a, change in 
15 process or stock conditions has. Thus, by gathering data 
for,, a. part icular v ,f uncti.qn over a : period of time, it is 
possible to predict if that. ,f uncjtioa is gping^ tp increase 
or deprease ov,e,r time .... ; It , t djSj^alspopos-s^ble/^O'". predict at 
what point... the function ( raight^fall f - outside preset limits. 
20 For example, by monitoring particle size in a proce'ss for 
a : period during . satisfactory ; operation, . it ,. is; possible to 
predict, if . that process may,, ,be tending t.o ; , ; increased 
.particle sizes and the point at which the -particle size 
will be too large for satisfactory operation. A user 
25, message may be printed or .displayed by : the computer at 
this stage. Such a . prediction can be made over the next 
twp measuring , periods, at. any ;r given stage, and when there 
are only few points plotted,^ i.t r :can. be made, by .a least 
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squares- -lihfe cf s Mst fit . wHeri' a"' larger ' number- of data 

• points are ' available; 1 ■'prediction- could 'be by monitoring 
the rate of change of gradient 1 of 'a linear regression. 

More- than-'bne ■'■pafameter'-may be monitored in' this way 
at the same time, for 6ri : e or more populations or sub- 
populations ; of particle meeting 'respective different 
criteria^ ! ■...".m'jO 

Any picture • s'e'err-'' by' 5 the 4 ^'camera may of course be 
saved by means' bf the computer. ' fc* ■-. 
. L Thus, -the. -illustrated -apparatus provides' a flexible 
instrument • package; ■ r whifefe : can hater 1 for any selected one 
of a larger ^number ^of i - applications in- a ' Wicte [ range > bf 
•ihdustrdalr;}32r&cesses J . btviq -.J. • j^-. 

A . di-f fei'fent ^lidyht^^&bulftffe ma j y be°usedM instead of the 
diode 52. 4 »*■ '• - • " . : 

. : Control ' means -m£y -Be •■ 'provided to control the 

• iritensity'-of ; -a : " lighfc^burfce 1 i- " ! ' M ' * •. • ■ - ::V 

■ * A calibration'^ -factor 1 } is provided 'to enable" pixel 
-size ^" to. be- :i converted 1 ic t'6 M microns dependent 1 on the 
•magnification of the : lefts ift use. ; ■' * ' ' ' ' ' " . * 

•''Visual prompt type v warnings are given 1 ' if the user 
attempt's to discard , mea : s : ured" ; data without saving' it. 

Visual prompt typ£ warnings are also given" if the 
user attempts to 'set filters or database parameters that 
are impossible , for example if a particle is required to 
have an aspect ratio >0.7 and at the same time an aspect 
ratio <0:1, or if- a ' commind ' is giveri -to'collect data for 
the first twenty minutes' of each f if teen* periocdV 1 
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The illustrated apparatus can make available .results 
in relation . to., an individual particle, an individual 
ima.ge, a database of particles v . and trend statistics. 
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Claims i 

1 . Apparatus" for moriitoririg particulate'* material in a 
fluid comprising'" a passageway 1 , through which fluid to be 
monitored is passed, at least a portion of the boundary 
5 of the passageway being translucent to enable radiation 
to pass through that portion, a camera, which is arranged 
to receive such radiation and which is constructed to 
generate electrical signals representative of the images 
it receives, and image analysis means connected to 
10 receive those electrical signals and to provide data from 
them relating to the particulate material contained 
within the fluid. 

2. Apparatus according to claim 1, in which the said 
portion is transparent. 
15 3. * Apparatus according to claim 1 or claim 2, in which 
the camera is a stills camera triggered to operate by the 
image analysis means. 

4. Apparatus according to claim 1 or claim 2, in which 
the camera is a video camera, and the image analysis 

20 means comprises a frame grabber connected to the video 
camera to isolate a frame from the signals generated by 
the video camera and an image analyser connected to 
receive signals of successive frames from the frame 
grabber so as to provide data on each successive frame 

25 relating to the particulate material contained within the 
fluid. 

5. Apparatus according to claim 4, in which the video 
camera is a Charged Coupled Device (CCD) camera. 
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6 . . Apparatus .. according tq r \ any. -. preceding., .claim,, . in which 
the -radiation { yis. . in . ; the- • .• visible range of the 
electromagnetic spectrum-,. :; . , • - j4 i 
; 7 , %l Apparatus., according -to .-^ny,-, preceding claim, . in which 
5 the. image analyser , comprises, ,, : a' ; background memory 
.connected to the f rame. , grabber to store ; data indicative 
of the value of background signals of th t e image- seen by 
; the video camera, .and ,s ub t r $ q;t ion -me an s i con n e p t e d to the 
.background, memory andi : .to ... the f rame grabber - to subtract 
10 .the stored , values of >the background ; signals- from those of 
the signals: of a subsequent frame ••isolated, fyy the frame 
.grabber-.,,. The benefit .: of., suqb ; a : , -construction; is that 
•pa.rti^e.les. jwhich ; have adherejs(; t9 the said^porti.on .would be 
disregarded in : . subsequent, [ image , analysis, , so that such 
15 adhering particles will. not. [skew., .the .-results. .^Preferably, 
, :> f i lt the f signals here are. , thgse,; - representing ,a, -. .grey , scale, 
• s .. :>; more . especially; ranging .in; value . ; .f^pm, z^rp, ; to 2 55 , in 
: ; 7tl which, , a .zera value. ;can, be ; i : $o;r, tl^e rl dairkest . ; image. f or a 

given period and - 2 55 the brigb ; te^t-, , or - vice .versa Vi : 
20 8. Apparatus according , . to r .claim 7 , . in . which the; image 
analyser farther comprises .averaging .means -to ; -.provide the 
average values of signals from a plurality of successive 
{ frames,, and hence to provide the said background signals. 
.9. Apparatus., according to. claim 7 o ; r- claim .8, ,in which 
25 : the. l image analyser is. further , provided with an. analogue- 
to-digital , converter in iw^ich , .any pixel having a value 
v beyond ? a. predetermined. , ; threshold value in the analogue 
. , i^ n put is.. .. .accorded ,o,ne : t of two values in the digital 
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butput/ ' an r d r any"" pixel-- having 1 a value ' l eqiial' tc or below 
" ! the said threshold" valtie is ' accorded thfe' J other of the two 
values in the digital output'. " 1 " i! 

" 10. : Apparatus'' 'a'ecord'feg :: t'o . any '^preceding 'claim, in which 
-5 out-bf-fbcud elimination-means are 1 provided to eliminate 
images of particles which are- out of focus when viewed by 
the- earner^'] :! ' .--.»-. . ' . . v - 

11. Appar^tus^" : "Sbcb-rtiihg ; 'to'cl^aim 10,->"'in which th ; e out- 
' 'of-fbeus -fe'liminatiort means check the rate' of v change in 
10 • • ' the value o , f ' sighal'3 : : i:e : beived 'for- successive pixels of 
tiie J ima^e \~ -prbtajrds'Sing 'from ; --a position away from the 
•'" - 5 partaeTe 5 to- 'a- positibh- wfe-11 ; within tfre boundary 1 ! of t>he 
o:l b :. i..par tie-lie '"im&ge f cirid elitoiric^k thJat :' • ^ p'a-r tic le'-- image if the 
1 rate of change the r values- ? bf the signals 1 'never exceeds 
/15- ; a' predetermined threshold^ valule ' >' • •-■ - : i ^ • • :■■ 

.12V ■ ' Apparatus according - to - j any * preceding claim/ -further 
1 • " : comprising-" edge-of -f ield" f el ; iMmtion! ; mean's ?■ to 'eliminate 
any "pkrtidle'^'ima'ge which' ' <is nr closfe± than a predetermined 
distance t6* the- edg^ d J 'f5 : 'th^ field of - view. l ' ■ : 
' 2-0' - 13 : . Apparatus According to -any preceding claim, iri which 
'• ' ■•• the ; fluid -is tfacklit so that the ' silhouettes of particles 

are- viewed'. ' - : :l ■ 

• Vj A:: 14: 'Apparatus according to- any preceding ( clairn,' in which 
* ' r - 1 the said' portion comprises at lea^t one sapphire window, 
25 to reduce the likelihood " that the said portion' will be 
scratched and" thus rendered less' transparent. : 3 
15. A method of mbrii-tb'ring particulate* material' in a 
fluid, in which such ' fluid is passed- through a 
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10 



15 



passageway, at least a portion of the boundary of which 
is translucent^ to" enable radiation to pass through that 
portion, viewing the fluid through that portion by means 
of -a : camera' S which is constructed to generate electrical 

■ - « , , ' j -f - .... r - -. , ' - 

1 1 . ,• \\ h . ■ ! l 

signals representative ; of the 'images it receives, and 

analysing; those signals to provide Ba'ta :r.e.l4ting to the 

particulate 'material contained within the~ fluid-'; 

16. A method according to claim 15 using apparatus as 

claimed i.h ' any; bne :of claims 1 to, 14. ♦ - -*---", . / 

; ■ - " i- 1 ' f '' < '< ■, 

: ■ \ ' v •' - • " 

17. A method according to claim; ,15' oa:. claimAl <5, ! in which 

the fluid"; analysed comprises prbdu[ced; "water- irom !! an oil 



weld.?' - 



}8 4," J '"".A ihet-hbcT according to claijh 17 , j \ in "'which the image 

.n r, < * • ;' ,■ f ' }\ , > : :$ 

analysis is) such as to distinguish between particulate 
< •' * : ' J l: : . . 1 f 

material in the form of oil 'droplets and particulate 

material which is solid, such, ,as;;particles ojf ' sandJ; 
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